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expenditure by using a dose of 200 mg, which is

higher than the FDA’s highest-approved dosage of 50

mg for treating overactive bladder.
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1. Distinguish the structural and functional differences 

between brown and white adipose tissue.

2. Identify which imaging modalities are available to 

study brown fat function.

3. List the interventions already shown to increase 

brown adipose tissue mass and activity.

4. Based on the currently available data, describe the 

likelihood that brown adipose tissue will be a 

treatment target for obesity and diabetes.

Objectives



Too Much Fat is Highly Morbid



At Least Two Types of Fat

White (WAT) Brown (BAT)

Energy 

expenditure 
50g consumes 

100-300 kcal/d ?

Uncoupling Protein-1 

[UCP1] 

Thermogenesis

Energy 

storage
50g contains 

300-500 kcal

Frontini A, Cinti S. Cell Metab. 2010;7:253; Tran T Cell Metab. 2008;7:410; Lowell BB et al. Nature 

1993;366:740. Rothwell NJ, Stock MJ. Clin Sci (Lond )  1983;64:19.; Feldmann HM et al. Cell 

Metabolism 2009;9:203

❖Cold-induced [NST]

❖Diet-induced [DIT]



A. How Brown Fat Consumes Fuel to Generate Heat

Plasma

Glucose

NEFA

Endogenous Lipids

Sympathetic Neurons

Norepinehprine



B. Brown Fat May be Used for Treating 

Metabolic Dysregulation

• BAT in cold-acclimatized mice consumes more than half 

of ingested lipids and glucose.
Bartelt A…Heeren J Nat Med. 2011;17:200-5; Nedergaard J & Cannon B. Cell Metab. 2011;13:238-40.
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C. Endocrine Roles for Brown Adipose Tissue

Wang G-X…Lin J Nature Med 2014;20:1436; Thomou T…Kahn CR Nature 2017;542:450; Lynes MD…Tseng YH  Nature Med 2017 Mar 27
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Circa 2002:  Adults Humans Have 

FDG-Avid Adipose Tissue = F-A-A-T

▪PET/CT = metabolic activity of each tissue

▪CT = Computed Tomography  structure 

▪PET = Positron Emission Tomography (18FDG)  function



The Challenge, circa 2006

“In FDG-PET scans, you very often see false positive 

signals from brown fat….How do we know that it's 

brown fat?” -Cypess

“Because everyone says so!”
-A Professor of Radiology

“You believe that there is no significant brown fat in 

adult humans and that what we see on PET/CT is not 

brown fat?”
-Cypess

“Yes, that's pretty much it….

I would be very surprised if those PET images were 

brown fat deposits.”
-KOL Endocrinologist



UCP1+ Benign Brown Fat Mass

H&E, 400X aUCP1, 1:50, 400X

Cypess AM…Kahn CR NEJM 2009;360:1509

PET CT PET/CT



Structure

➢Predominantly in specific regions of the body.

➢We can measure it non-invasively via PET/CT.

Function

➢Protects against cold acutely [NST].

➢People with detectable brown fat are more 

frequently female, younger, leaner [DIT?], and not 

taking beta-blockers.

➢Nearly every adult human has brown fat.

The Initial Understanding of Human Brown Fat

Marken Lichtenbelt et al. NEJM 2009;360:1500; Cypess AM, et al. NEJM 2009;360:1509; Virtanen KA, et al. NEJM 

2009;360: 1518; Zingaretti MC, et al. FASEB J. 2009;23:3113; Saito M, et al. Diabetes 2009;58:1526. 12



A. To what extent does adult human BAT 

contribute to increased energy 

expenditure?

B. How does BAT’s uptake of plasma glucose 

and triglycerides impact whole-body fuel 

metabolism?

C. How does activated human BAT interact 

with other organs in regulating metabolism?

The Next Questions
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Translational Approaches to Understanding BAT

Noninvasive Imaging

Mass and Activity

•PET/CT

•MRI

•Ultrasound

Integrative Physiology

Human, Rodent, in vitro

•Bioenergetics

•Proteomics

•Genomics

Therapeutics

•Cold

•Rx/Hormone – β3-ARA, etc.



BAT-based Therapeutics



Temperature can be used to increase – and then 

reduce – Human BAT activity

Lee P…Celi FS Diabetes 2014;63:3686
16



Cold Acclimation Improves Insulin Sensitivity in 

Patients with T2DM

Hanssen MJW…Schrauwen P Nat Med 2015;doi:10.1038/nm.3891
17

• In eight subjects with T2DM, ten days of cold acclimation (14–15 °C) 

increased BAT activity and peripheral insulin sensitivity by ~43%

•Thus, there appears to be the potential to increase the mass of 

human BAT and to augment energy expenditure as an approach to 

metabolic disaese.



1. Potential for more specific targeting of 

human BAT.

2. Animal models show they are effective.

3. Likely greater adherence.

4. Combinations of approaches may be 

necessary.

Why Pursue a Pharmacological Approach?
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The β3-AR is Expressed by Human BAT and WAT

Virtanen KA, et al. NEJM 2009;360:1518

Cypess AM...Tseng YH Nature Medicine 2013;19:635

Yu-Hua Tseng, Andrew White
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• Over 45 million are affected by overactive bladder 

(OAB) in the US (c.f. 26 million with DM).

• Besides adipose tissue, there are β3-AR’s in the 

urinary bladder; activation relaxes the bladder.

• Mirabegron is a β3-AR agonist approved by the FDA 

in 2012 for treatment of overactive bladder at 50 mg 

daily. 

http://diabetes.niddk.nih.gov/dm/pubs/statistics/#fast; Coyne KS et al. Urology. 2011;77:1081; 

http://www.myrbetriq.com/what-is-myrbetriq-oab-medication;

β3-AR agonists can now be widely used in humans

20
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Proof-of-Concept Study Design

• Population:  12 young, lean, healthy men

• Each was treated acutely with placebo, 

mirabegron 200 mg, and exposed to mild 

cold (14 °C via vest / 20 °C room).

• Monitored vital signs, energy expenditure, 

drew blood prior to imaging, measured BAT 

metabolic activity via 18F-FDG PET/CT.

21Lauren Weiner
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Cypess AM...Kolodny GM  Cell Metab 2015;21:33
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Placebo

The β3-AR Agonist Activated Human BAT

Mirabegron Cold

Cypess AM...Kolodny GM  Cell Metab 2015;21:33 23



➢Brown adipocytes can be found in a substantial 

proportion of adult humans (≤100%).

➢Both cold and pharmacological activation of hBAT can 

substantially increase its mass and energy 

expenditure, but the extent is unknown.

➢Brown fat may impact human metabolism at three 

different levels – energy balance, glucose metabolism, 

and hormonal regulation – with much to be learned. 

➢Coming up:  “The Physiological Responses and 

Adaptation of Brown Adipose Tissue to Chronic 

Treatment with β3-Adrenergic Receptor Agonists.”

Final Summary

24



Thank You

Grant support: NIH  DK087317, DK070722, DK46200, DK33201, 

DK55545, DK46200,RR25758, DK81604, DK36836, CITP,  the Eli Lilly 

Foundation, Chugai Pharma, Ltd., Molecular Metabolism LLC. 25

Joslin Diabetes Center

Alessandro Doria

Gerald M. Kolodny Ilan Tal     Alina Gavrila

Beth Israel Deaconess Medical Center

Lauren Weiner

Carla Roberts-Toler

Christie Sass

Peter Kahn

Skyler Kessler

C. Ronald Kahn

Yu-Hua Tseng

Mass Spectrometry

Core

Sunia Trauger

Harvard University

Andrew White Per-Olof Hasselgren

Massachusetts General 

Hospital

Steve Grinspoon Madhu Misra 

Martin Torriani

DEOB

Marc Reitman

Monica Skarulis

Kong Chen 

Suzanne McGehee

Rob Brychta

Shan Huang

Brent Abel

Joyce Linderman

Alison Baskin

Cheryl Cero

Brooks Leitner

Courtney Duckworth

Esti Anflick

Natan Kelsey

NCI Surgery

Mass Spectrometry Core

Laboratory Core

Mary Walter

NIH

CRC Radiology and Imaging Sciences

Ahmed Gharib

Ron Ouwerkerk
Brad Wood         

Elliot Levy 

Sheng Xu

Martin Garraffo Hongyi CaiPeter Walter

CRC PET Department 

Peter Herscovitch

Corina Millo

William Dieckmann

Craig Barker

NICHD

Karel 

Pacak

Electron 

Kebebew

MDB

William Simonds

Lee Weinstein

Nutrition

Amber Courville         Shanna Bernstein


